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was to be used for retrieval/repalr/reboost of the Solar HaxloBusi 
Satellite, was selectedt A direct orbiter ascent to high altitude 
without need for the kit) . This orbiter capability would also be 
analyzed for effect on 7MS benefits. 
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The data shown expand on Chat given in the prior suamary chart. I.uuiicli costa were bused 
on a full perforaance OrbiCer at 28.5" orbit inclination. For the THII prj|Nilaion axidnlc 
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propulsion on economic issues alone. The analysis inaicates a cascauiny 
effect detrimental to the ground based TMS. There are, however, two 
potential solutions. Reduce the size of the TMS or alter tlie basing mode. 
Potential methods for Implementing both solutions are suggested in this 
benefits study. 
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GROUND RASING-*- EARLY SPACE BASING 




Milk Rockwell 
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The first step in the space baslnq analysis was to create low, 
nominal, and high models, all located at a 28.5° orbit inclination 
This location was selected because it provided maximum payload 
traffic. Contingency missions were not Included, reducing the 
number in the nominal model to 51 missions. These were used in 
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Rockwell 

Inlernalional 



For the past 3 years, Uockwell has had a program underway to i«lentify programs 
and payloads that could fly on the STS in tlie next two decades. Using tliis 
data on planned and potential programs, a list of potential future TMS payloads 
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TMS MISSION MODEL LOGIC AND CAPTURE 



TMS GTAT, 
TMS LimiME 









As of Task 4.1, several TMS mission models reflcctiny different levels 

of TMS utilization were producetl. The primary driving feature of 1 lie various 
models were for the low TMS mission model, a low acceptance of ’JMS services 
under a constant NASA budijet; a constant NASA budyet and acceptance of the 
TMS for payloads above 160 nautical miles in the nominal TMS model; and for the 
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In all TMS mission models, if a payload has been deployed by the TMS in LEO, 
it is expected that TMS will retrieve the payload at the end of its expected 
lifetime for return to the ground or controlled reentry. 
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From all TMS models, the ijayloads postulated to require TMS de[)loymeiit , 
retrieval or servlcipg are plotted as payload inclination versus altitude. 

It may easily lje seen that Hie payloads cluster in two regions. The cluster 
of payloads at 28.5° corresponds to payloads launched into LEO after launch, 
due east from KSC, while tlie other cluster at alx)ut y8° and 400 nautical miles 
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The next two cliarts suiiimarize most characteristics of the payloails In 
the TMS mission models. Included in the tables arc the name of the 
oayload, its expected first launch date, the TMS model It Is included 
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The nominal TMS mission mo<iel, as described previously, may be divided 
into the five reference missions. The facing chart siiows how the nomiihol 
TMS mission model breaks down by year with these missions. A [jie-chart 
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Tlie high TMS mission model, as described previously, may be divideil into 
the five reference missions. The facing chart shows how the nominal TMS 
mission model breaks down by year with these missions. A pie-chart in 
the lower left-liand corner shows the relative proportion of each type of 
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For these i'.-5sues, there seem to V-e no uasolvable technical problems, although a more 
detailed look is required to better define the solutions. 
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The faclnf) ptitjo illustrates the Uasellne TMS conf i<jurat ioit 
utilized in this study. It is the Vought Phase 'A* 
configuration, formed ff)r NASA/MSFC under NASA Contract 
NAS8-33903 from June 19B0 tiirough May 1982. The reader 


CNl 

cvi 





'jj a 
-I r 



IIASCLINE IMS CONFIGURATION 














'JMS 1‘EKFOUMANri-: AT 2H.5 ORUIT 1 NCf, I NATION 







4J 




~J o 



3 



3 

i, 

--i 4-1 


4 U 

3 • 



0 



'-4 4J 



W’ a 

3 


Q) 

3-4-4 



z 2 

W 

0 


3 3 3 .Q 


4J 


3 m 



> 3 : 0. U 


a 

U. C 

•H 3 


O' U 0 c 

• 

o 

C 0 


4 U 

3 

3 >1 14 

3 



■J 4J 



U -4 CL U 

T 


z ~ 

i a, 3 


-H 3 

3 


0 r* 

3 <U 


0 

3 0 >4-1 -4 

c 

n 


y 



j: 3 0 3 

y 

OJ 

• jj • 

4j >: 

a 

cn 

4.4 0. CJ 

3 


cn -• 'iJ 

3 Q 



3 4J V4 

3 

m 

r t: a 

0 

0 

0 >44 0 3 


a 

^ ^ ^ 

3: <D 

u 


0 3 0 

c 

di 

(0 = 

*. -n 

Q.-U 

-J-i 0 

T 


(Q ^ 

•H 3 



3 C E 0 

CN 

3) 

CJ 

3 . 4 J 

0 

3 

C tO fO ^ 



U JZ -u • 


> 


3 


0 -u -* S 

^ 4J 

0 

3 

4J rH 4J £ 

— 4 


(0 = 

X ^ 

— 

— • 

U 3 3 


5 

CO 'O 

t; 3 

0 

3 

0 a 3 -4 

3 

0 

•u a; V4 w 


U 

CJ 

a* 0 -H 3 

3 

u 

u o o 

5 M 



H 0 CJ 

0 

vu 

^ 3 

c 0 

0 

u 

^ aU *H 



3 0 


4J 

0 

^ <44 4J 

4J 

T3 

cn CT -t -iJ 

•H 


4J 

O'T >44 3 

(0 

o; 

Z (U !0 

m E 

>I-H 

■H C 3 3 

—4 

>1 

o u a; 


■4J 3 

l4 3 3 3 

0 

c 

— yj 


—t 

u 

0 

J 


-3 CJ -J S 

rvj 0 

3 

C 

3 a. 3 c 

—4 


3 > e- 

w 0 

3 


jz in 

3 

o7 

C <0 -U 


0 

0) &- C l4 ^ 

y 


^3 0; 

E 4J 

0 


0 3 



> JZ 

0 3 

U 


0 M 3 

3 

a 

U *3 0) — 

4J 3 

3 


• -4J 

3 


0 -t TJ 

CO 3 


>44 

3 m 3 0 

3 


4J 3 (Q U_l 

>. 

0 

0 

> jr -4 

— 

>I O C 0 0 

CO c 



u 3 3 

4J 

nj 

a; 3 —4 

in 


> 

3 u cn 


E 

•ri >, J 

^ -H 


4J 

0 -H u 2 : 

3 


.o j: (0 c 

3 



4J 0 E- 

—4 

X 

o 3. a; 

E 4J 

• 


>1 3 


c; 

■U -H = 

— 3 

u 


U 3 « 3 

cn 

■u 

^ J4 >1 

3 

0 2 a 

3 T j: 

z 


- 3 CJ 0 

■H U 

4J 

3 

> 3 3 4J 



CJ —t 

E 0 

(U 

^ 0 



C !T< > C. 

4J 

E 

fQ ^ ^ c 

3 

c 

3 3 3 C 

3 ^ 

0 

0 

3 > U 


■u 

(0 (0 C 3! 

-fl 

u 


T 1-1 3 3 

4J 

10 

<H 0 — 

<U u 

0 

4J 

3 a.4J 


0) 

to 

^ 0 ^ 


cn — 3 

>44 


o; >» * a 


u 

0'S 4J 3 U 

0 


C lO 4J u 

0 (1) 

0) 


&4 3 


0 

•H Zt 0 

4J J3 

4J 

(U 

.3 >, 0 

3 


-1 »0 3 

4J 

3 

3 

3 3 0 4J 

3 


OJ OJ u-i O’ 

t; 



J— —4 


3 

CO 3: 0} 

0) E 


3 

4J 31 Q.T 

3 


10 -U 3 U 

EOT 

Jm 

3 3 3 

a. 

cn J3 -H 

3 U 

OJ 


lu -H T r- 

E 

3 

>-1 u 

3 >4.1 

u 


0 T H 


0 

(0 -H • o 

3 

3 

c 

3 0 3 



a jj 

3 OJ 

U 


3 3 4J 3 

U 

U) 

O' 3 (D 


/• 

0 a. 3 

—4 


3 > 10 E 

3 3 


Ij 

•H 3 T l4 

>44 


-HO O 

■H 4J 



4J T 3 


b 

to 0 ) U 

3 


3 

l4 3 3 

u 

10 

3 Q.-U (1) 

cn 

0 


0 3 3 3 

3 


O -H 

Z 0 -3 

3 

a. 3 3 

a 

u 

0 *3 U 

^ 4J 

4-1 


T 3 i2 

3 


O' OJ 



3 T -H -1 


0) 

3 c cn -u 

0) T 

U 

E 

= > m " 

3 


10 (0 £ 3 

3 3 

0 

3 

fl -4 0 (Q 



l-i O O -H 

5" 3 >4.1 

l4 

j: T "Q — 

6- 


KENNEDY SPACE CENTER SATELLITES 
28.5“ INCLINATION EXCEPT AS NOTED 


^ ' r-AGiE: rs 

Of POOR QUALITY 

LO 

CVI 



(SaNOGd iQ SQNVSnOHJj IHQI3M QVQIAVd 


92SSV126264- 






1 





O’ 




3 • 


— 


— cn 


= u 


3> 0 


^ c • a '-1 


3 -» 


3'—* Jj > (3 


xJ XJ 


-ij C •'Q U 


3 — 


3 u a ^ 




5J = C 


Cj -4 


•u U1 3 "H 




'j = g -< 


— "(fl 


0—030 






O 3 


^ 3 —> 


3 0 


— g jj 




0 3 -iJ u 


3 cn 


<— U 0 3 0 


u z 


0 — 3 — '*-1 




— r’-” 


0 


4J 0 ■>■> 


XJ 3 


g 0 u oi 0 . 


-.H 


0 j: -3 0 


XJ gn 

Q 

*—=^030 


3 — 


'^^* ' S' 0 ;•: 


0 — 


0 3—0 


— 5 


• 3 > 


0 


O CTj ^ 3 • 


— 3 


3: 0 0 0. 3 


ux 0 

< 

- - o 


— 3: 


iJi-iO — 


0 XJ 


cn — — — jj 



cs 

3 — *J — 


0 3 

hi* 

0 — — '3 


u — 

3 

^ ^ O — 3 


0 


tn 3 > — 0 


E u 


— 030 


0 

< 

— fl- 


X. XJ 


og u c 


-> 0 


- U 0 o 


B 




XJ 0 


» U T — 


— u 


4j g V. — j-( 


0 


U > < 0 O 


•■ ixi 


3 — UJ 3 « 


3 U 


— — «£ 3 


C 0 


0 0 2 3 — 


— xJ 

3 

3 3 


XJ 3 


r 3 0 0 


U — 




o 

2 

— 3ES — 


3 3 


3 0C0 — 


3 0 

3 

0 — U — O 


— U 


0 >4^ .u cn 


3 

Ll 

0 3 U 3 


XJ Ui 


1- 3.3 0 


0 — 

^ 1 

C. 0 3 


O 3 

< 

3 3 3 0 


ix — 


0 0 — — — 



:i3' 

3 fl — 


3 0 


3 -u -U 



2 

0 ^ 0 U 


g= H 

< 

c — 0 0 o 


XJ 

Z 

— — >» 3 


— 


W 3 — 3 


3 • 


U 0 O 3 3 


3 


fl cn 0 


3 0 

i'^ 

— 3 J XJ 4J 


o — 


•W -iH 


3 — 

i. 

H o 3: j<: 


-M 5 


— U > XJ 


i3 

w 

cn 0 3 tn 

• 

s — 

z 

XJ ^ 3 z 

>4 

O 3 

c» 

w — o O 

o 

O 0 


— J3 cn o 

JJ 

•X 


u 0 cn c 

o 

cn XJ 


xJ 0 — 3 

B 

— 3 


U X.' o 

0 

3 


fl O — 3 

u 

cn 3 


2 3 — 0 

o 

z 


O 3 — >* U — 

&- o 


xJ^fl — 


o 


cn — 3 £ 3 

o 

3 — 


— xJ a. T — 

O 


-H !T3 4J 0) 

3 

— 0 


e" 3 0 — U — 

2 XJ 


KENNEDY SPACE CENTER SATELLITES 
28.5" INCLINATION EXCEPT AS NOTED 


OR.u.A'fAu I AGt. tb 
OF POOR QUALITY 



(saNnod do daNvsnoHjJ ih3I3m avoiAVd 


92SSV12626J- 



oo 

0>4 


ta 

3 

c 13 — 

u Z 
r- 

O C 

9 t lU 3 


^ * 


(U Ji 
eo 


< 

W 

z 


z 


V 5 


c CO 


® 5 


s w C 




0 ^ ^ 


•C V ^ 


QQ Qj W 



• 

m 3 

V 

.3- C O* 

u 

U 0^ 

s 

V ^ ^ 

3 

U w 

B 

s 9i V 

u 

?5 3 > 

0 

9 3 Q 

tM 

u ^ 

u 

0 CJ 

OJ 

^ ^ 

& 

w ^ 



U ~ V 

c. e O -a 
0 3 3 
^ u *J 
y Z 
c u*- 
3 to 

3 u Z 3 

— 3 

3 V, 

u u 31 Z 

o o c •- 




Z C 3 

U 3 

< 3 B *J 
V7 S V 
X — — -3 

t- -< —< 
y 3 >» 


u 

c 


a 

u C 
O 3 
U 


_> y 

3 U 

3 U ’’rf 

3 M 3 
i) Q>*^ 

-a c 

V C aO 
— aO 3 
^ U 3 



WESTERN TEST RANGE SATELLITES 
90 TO 9C “ INCLINATION EXCEPT AS NOTED 


e/,. • . - 

0^' POu^: 


QUALiry 



(T> 

CVJ 





(SONnW iO SQNVSnOHiJ 1H913M aVOlAVd 


CIRCULAR ORBIT ALTITUDE (NMI) 



The effect of a direct high altitude orbiter insertion ascent trajectory on 
payload delivery capabilities is shown. Direct insertion will obviate tlie 
need for the QMS kit for the satellites below 400 nautical iniles. Above 
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TMS RETRIEVAL BY ANOTHER TM5 IMPROVES PLACEMENT CAPABILITY 



CIRCULAR ORBIT ALTITUDE, HUNDREDS OF NMI 
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CUMULATIVE PROPELLANT 
USAGE (GROUND REFUELING) 
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TMS MISSION NUMUEII 





The amount of storable bii)ropellant utilized to perform 51 low earth orbit, missions 
at 28.5 degrees inclinaTTon, as described in the optimized baseline mission model, 
is given. The three sets of cumulative propellant usage curves correspond to 
three sizes of add-on tank modules for tlie ground refueled TMS. The highest 
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CUMULATIVE PROPELLANT 
USAGE (GROUND REFUELING) 
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Tl)e amount of fuel which would be used by a bipropellant TMS 
of 5 , 000 pound propellant capacity that refills itself from 
an orbiting ^0,000 pound tanker Ts shown. Tlie TMS would take 
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CUMULATIVE PROPELLANT 
USAGE (ON-ORBIT REFUELING) 
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For the TMS low mission model, using an assumed maximum TMS flight 
rate of 7 TMS missions per year , a total of 3 vehicles are required 
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NOMINAL MODEL 
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'I'lie facing cliart illustrates a typical TMS mission cycle, 
which includes TMS de(iloyaient from the orbiter, payload 
mating, '1‘MS tiight operations, reco/ery into the orbiter, 
removal from tlie orbiter after lanulng, ground refurbish- 
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The facing chart indicates Lite TMS ground turnaround time 
between missions with mature STS operations. Key to this 
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The process of inteijrating payloads with the Space Transpor- 
tation System (STS) Is shown for a ty[>ical sciieUule of 26 
months from requirements development and agreements tlirougli 
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The facliKj chart summarizes the docuinon tat ion required to 
perform a 'I’MS fliylst on the STS. Doth the numlier of 
documents and the number of pages and drawings required 
for the first TMS flight, as well as subsequent TMS flights 
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The TMS is an "affordable" concojit, justified by the hiejh 
priority mission need lOr spacecraft propulsion and on-orbit 
servicing, its reasonable acquisition cost, and it.s acceptalile 
programmatic risks. 
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The junL if icat Ion iisetl in Uie 'I'MS Heneflts SLiuly w.is; 

(1) to lilentify savlnqs by TMS function, i.e., propulsion an«l 
servlclnyj (2) to estimate the costs Incurred i»y provbllmj TMS 
functions; and (3) to assess the Investment returns of the 
TMS concept . 
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FACTORS WHICH DRIVE TMS BENEFITS STUDY 
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CONFIGURATION (PROPELLANT LOAD & TYPE) SIZING 
TMS BASING MODE (GROUND OR SPACE) SELECTION 
STS COST PER FLIGHT AND USER CHARGE (ETR & WTR) 



The cipproach usc!<l in • lie Teleoperator MaiitMi ver imj System (TMS) rtenc^fjts 
contract lias the objei’tive to provide a sufficient justification for Major 
System New Start (replacement for Mission Element Need Statement) for the 
TMS. Tills justification was developed by showln<j siunif leant benefits 
(economic returns), affordable develo iment costs, acceptable i)ro<jrammat ic 
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The "even-trade" cuncluaiuns reached in studies by three other cuiitructors — cundnctcd under 
llie constraint of single satellite manifesting per TflS mission — were validated in parasH-lrir 
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Under the baseline ausniiipt iun set of (I) a ground based THS, and (2) stimle deplny- 
per STS round-trip, the total cost of deploying IUU-150 payloads from 28.5® F.TR to 
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Total mission coats are comprised of satellite acquisition costs and expected 
losses throughout the program. Satellite acquisition costs vary directly with 
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Annual casit outlays (cost to [irovlde benefits) ami annual roaliv-ed 
benefits (rosultimj tirimaiily from satellite servicing) tiave been 
combined to <lerlve tlie net annual cash flow profile which would result 
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The cumulative cash investment |HJsltion is derlvei! from the not annual 
benefit (cash flow) profile, ami intlicaLes that the TMS pro()Osal is 
commercial Iv viable. The net investment never exceeds -$700Mo2 
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TMS OENEFITS ASSESSMENT: BOTTOMLINE 
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